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Computational analysis of proteomes in all kingdoms
of life reveals a strong tendency for N-terminal
domains in two-domain proteins to have shorter se-
quences than their neighboring C-terminal domains.
Given that folding rates are affected by chain length,
we asked whether the tendency for N-terminal
domains to be shorter than their neighboring C-ter-
minal domains reflects selection for faster-folding
N-terminal domains. Calculations of absolute con-
tact order, another predictor of folding rate, provide
additional evidence that N-terminal domains tend
to fold faster than their neighboring C-terminal
domains. A possible explanation for this bias, which
is more pronounced in prokaryotes than in eukary-
otes, is that faster folding of N-terminal domains re-
duces the risk for protein aggregation during folding
by preventing formation of nonnative interdomain
interactions. This explanation is supported by our
finding that two-domain proteins with a shorter
N-terminal domain are much more abundant than
those with a shorter C-terminal domain.
INTRODUCTION
Aggregation of misfolded proteins is associated with many dis-
eases, such as Alzheimer’s disease and type II diabetes (Selkoe,
2003; Luheshi and Dobson, 2009). Protein misfolding is also
harmful to cells owing to the energetic costs involved in the syn-
thesis and degradation of nonfunctional proteins and the lack of
folded protein molecules that may have essential functional
roles. Hence, it is not surprising that evidence for strong selec-
tion against misfolding has been found in all kingdoms of life
(Drummond and Wilke, 2008; Dill et al., 2011). Multidomain pro-
teins are potentially more aggregation prone owing to the high
effective protein concentration near each domain (Han et al.,
2007). It was shown that selection for neighboring domains
with low sequence identity is one mechanism by which aggrega-
tion of multidomain proteins can be minimized (Wright et al.,
2005). Given that many properties of proteins depend on their
length (Dill et al., 2011; Thirumalai et al., 2010), we decided toCdetermine whether there is also a bias in the relative lengths
of neighboring domains. Here, we show, using bioinformatic
analysis, that there is indeed a very significant tendency for
N-terminal domains in double-domain proteins to be shorter
than their neighboring C-terminal domains. A possible explana-
tion for this observation, given that folding rates are known to
be inversely correlated with protein length (Galzitskaya et al.,
2003; Thirumalai et al., 2010), is that there is selection for N-ter-
minal domains to fold faster than their C-terminal counterparts.
Folding rates have also been found to be inversely correlated
with absolute contact order (ACO), i.e., the average separation
in sequence between residues that are in contact in the folded
structure (Plaxco et al., 1998; Galzitskaya et al., 2003). Indepen-
dent support for the existence of selection for faster-folding
N-terminal domains is, therefore, provided here by showing
that the ACO values of N-terminal domains in two-domain pro-
teins with available three-dimensional structures tend to be
lower than those of their respective C-terminal neighbors.
Previous work has shown that selection against misfolding is
reflected in various correlations between measures of protein
abundance and the probability of generating misfolded proteins
upon translation and folding (Drummond andWilke, 2008; Tarta-
glia and Vendruscolo, 2009). For example, it has been suggested
that the observed correlation between protein abundance and
optimal codon usage reflects selection against misfolding
(Drummond and Wilke, 2008), and an inverse correlation has
been observed between mRNA expression levels and predicted
protein aggregation propensities (Tartaglia and Vendruscolo,
2009). We, therefore, reasoned that if the bias for two-domain
proteins with a faster-folding N-terminal domain is due to selec-
tion against protein misfolding, then proteins with a faster-
folding N-terminal domain should be more abundant than those
with a faster-folding C-terminal domain, as we indeed find to be
the case. Taken together, our findings suggest the existence of a
previously unrecognized mechanism for prevention of aggrega-
tion of neighboring domains.
RESULTS AND DISCUSSION
N-Terminal Domains in Two-Domain Proteins Tend to Be
Shorter Than C-Terminal Domains
Density plots generated for the chain lengths of N- and C-termi-
nal domains in 2,964 two-domain proteins in the Swiss-Prot
database show a clear bias for N-terminal domains to be shorterell Reports 3, 1051–1056, April 25, 2013 ª2013 The Authors 1051
Figure 1. Distribution of Chain Lengths of N- and C-Terminal
Domains in Two-Domain Proteins
(A) Density plots of the chain length distributions of N- (purple) and C-terminal
(turquoise) domains in double-domain proteins show that the tendency for
C-terminal domains to be longer is significant with a Wilcoxon rank sum test
(two sided) p value of 8.3 3 108. The analysis is based on 2,964 two-domain
proteins in the Swiss-Prot database that (i) comprise domains of length
between 50 and 200 amino acids connected by a linker that is shorter than 30
amino acids and (ii) for which there is evidence at the protein level.
(B) Histogram showing the bias for shorter N-terminal domains in real two-
domain proteins and in two-domain proteins comprising randomly chosen
domain pairs generated by shuffling the N-terminal domains of the real pro-
teins while keeping the C-terminal domains in place. The bias, which corre-
sponds to the number of proteins with shorter N-terminal domains, nNt < Ct,
divided by the number of proteins with shorter C-terminal domains, nCt < Nt,
was calculated for the 2,964 real two-domain proteins (arrow) and for 10,000
sets of 2,964 randomly chosen domain pairs (gray bars).
Table 1. Number of Two-Domain Proteins with Shorter N- or
C-Terminal Domains in Different Protein Data Sets
Protein Data Set nNt<Ct nCt<Nt nNt<Ct/nCt<Nt
All proteins for which there is
evidence at protein level
1,757 1,116 1.57
All eukaryotic proteins for which
there is evidence at protein level
1,139 739 1.54
All prokaryotic proteins for which
there is evidence at protein level
521 311 1.68
All Pfam entries in Swiss-Prot 18,763 13,198 1.42
UniRef50 nonredundant set of
proteins
3,747 2,871 1.31
UniRef50 nonredundant set of
eukaryotic proteins
1,220 1,016 1.20
UniRef50 nonredundant set of
prokaryotic proteins
2,148 1,599 1.34
Representative Organisms
Human (H. sapiens) 339 309 1.10
Mouse (M. musculus) 298 280 1.06
Arabidopsis thaliana 327 193 1.69
Yeast (S. cerevisiae) 111 98 1.13
Escherichia coli 166 100 1.66
Fly (D. melanogaster) 54 34 1.59
Worm (C. elegans) 78 59 1.32
Methanocaldococcus jannaschii 59 37 1.59
The table is based on proteins in Swiss-Prot with two domains of length
between 50 and 200 amino acids connected by a linker that is less than
30 amino acids. Proteins with additional nested or overlapping Pfam
domain indications were excluded.than C-terminal domains (Figure 1A). It is not possible, however,
to determine from these plots to what extent, if any, the bias is
influenced by domain pairing, i.e., the tendency of the N-terminal
domain in two-domain proteins to be shorter than its neighboring
C-terminal domain. We, therefore, decided to compare the bias
in the 2,964 real two-domain proteins with the biases in 10,000
sets of 2,964 randomly chosen domain pairs generated by shuf-
fling the N-terminal domains of the real proteins while keeping
the C-terminal domains in place. A histogram of these biases
shows that the bias in the real two-domain proteins is signifi-
cantly larger than in any of the sets of randomly generated
domain pairs (Figure 1B). This analysis shows that the domain
pairing in real proteins increases the bias much beyond what is
expected given that, in general, N-terminal domains tend to be
shorter than C-terminal domains (Figure 1A). In other words,
there appears to be selective pressure for N-terminal domains
in double-domain proteins to be shorter than their C-terminal
counterparts.
Next, we askedwhether the bias seen in Figure 1A is general or
limited to certain data sets. The data in Table 1 show that the bias1052 Cell Reports 3, 1051–1056, April 25, 2013 ª2013 The Authorsis found both in eukaryotic and in prokaryotic proteins. It is also
seen when the analysis was carried out for all the Pfam entries in
Swiss-Prot and for the UniRef50 nonredundant prokaryotic,
eukaryotic, and combined data sets. Finally, the bias was also
observed in data sets of proteins from very different organisms
such as E. coli and fly. The bias for N-terminal domains in two-
domain proteins to be shorter than their C-terminal counterparts
is, therefore, found to be ubiquitous but is stronger in prokaryotic
proteins.
N-Terminal Domains in Two-Domain Proteins Are
Predicted to Fold Faster Than C-Terminal Domains
The inverse dependence between folding rate and chain length
(Galzitskaya et al., 2003; Thirumalai et al., 2010) suggests that
N-terminal domains in double-domain proteins are selected to
be shorter than their C-terminal counterparts so that they fold
faster. Given that the detailed folding kinetics of most proteins
are not known, we decided to test this idea using ACO as a pre-
dictor of the relative folding rates of the individual domains in
double-domain proteins. We restricted our analysis to two-
domain proteins with known structure in which both domains
belong to the same family (as defined by the CATH [Orengo
et al., 1997] and SCOP [Murzin et al., 1995] databases) so that
the strong dependence of ACO and chain length on topology
would not mask a signal that arises from the domain order.
The analysis was carried out using both CATH and SCOP in
Figure 2. Distribution of the Differences in ACO Values of the N- and
C-Terminal Domains in Proteins with Two Domains that Belong to
the Same Family
(A–D) Two-domain proteins in SCOP (A), two-domain proteins in CATH (B),
two-domain eukaryotic proteins in CATH (C), and two-domain prokaryotic
proteins in CATH (D). The proteins were binned so that the frequency of two-
domain proteins with a positive value of DACO (i.e., ACONt<ACOCt) in a certain
range can be compared with the frequency of two-domain proteins with a
negative value of DACO (i.e., ACONt>ACOCt) in the same range of absolute
values. The frequency of two-domain proteins with a positive value of DACO in
a certain range is nearly always found to be greater than the frequency of two-
domain proteins with a negative value of DACO in the same range of absolute
values. In the SCOP database (A), there are 101 and 73 proteins for which
ACONt<ACOCt and ACONt>ACOCt, respectively (binomial two-sided test
p value of 0.04). In the CATH database (B), there are 58 such proteins for which
the ACO value of the N-terminal domain is smaller than that of its neighboring
C-terminal domain (ACONt<ACOCt) and 34 proteins for which ACONt>ACOCt
(binomial two-sided test p value of 0.02). Such a tendency is observed for all
thresholds of nonredundancy analyzed in SCOP and CATH. The bias for
positive values of DACO is found to be significantly greater in the two-domain
proteins in CATH from prokaryotes (D) than in those from eukaryotes (C).
See Figure S1 for additional data.order to ensure that the ACO values that are calculated sepa-
rately for each domain do not depend on the choice of domain
boundaries that may differ in the two databases. We also
required that each domain is formed by a continuous sequence
of 50–300 residues and is, thus, in the range where ACO and
chain length were shown to have predictive value. Finally, we
only considered two-domain proteins in which the combined
length of the two domains is >80% of the length of the full pro-
tein, and the linker connecting the two domains is less than 30
amino acids. Data for families with more than one member
were included in the analysis using their average so that large
families would not be overrepresented.
A significant tendency is observed for the ACO values of the
N-terminal domains in two-domain proteins (satisfying the
criteria described above) to be smaller than those of their neigh-
boring C-terminal domains (Figure 2). The values of the ratio
between the number of all two-domain proteins in SCOP and
CATH with a predicted faster-folding N-terminal domain and
the number of all those with a predicted faster-folding C-terminalCdomain (nACO(Nt) < ACO(Ct)/nACO(Ct) < ACO(Nt)) are 1.4 and 1.7,
respectively, with respective binomial test p values of 0.04
and 0.016. This tendency is observed for all domain classes
(a, b, a/b, and a+b) in both SCOP and CATH. The values of
nACO(Nt) < ACO(Ct)/nACO(Ct) < ACO(Nt) are 1.7, 1.5, and 1.8 for the
19, 28, and 44 respective members of the a, b, a/b, and a+b
classes in CATH, and 1.8, 1.3, and 1.4 for the 31, 46, and 88
members of these classes in SCOP. Importantly, the bias for
ACO values of the N-terminal domains in two-domain proteins
to be smaller than those of their neighboring C-terminal domains
is not due to differences in domain lengths because it is
observed also for proteins with domains of similar size (Table
S1). For example, the values of the ratio nACO(Nt) < ACO(Ct)/
nACO(Ct) < ACO(Nt) for all the two-domain proteins in CATH and
SCOP, when those with a difference of more than ten amino
acids in their domain lengths were excluded from the analysis,
are 1.6 and 1.4, respectively. The corresponding p values of
0.053 and 0.078 are, however, somewhat higher owing to the
smaller sizes of the data sets when only two-domain proteins
comprising domains with similar lengths are considered. We
also calculated Fisher’s exact test of independence p values to
determine to what extent ACO values contain information
beyond that which is provided by domain length. The respective
Fisher’s exact test p values of 0.32 and 0.798 for the case above
indicate that the bias in ACO values is not due to differences in
domain lengths (Table S1). In the case of relative contact order
(RCO) calculations (see Experimental Procedures) for two-
domain proteins with a difference of less than ten amino acids
in their domain lengths, the values of the ratio nRCO(Nt) < RCO(Ct)/
nRCO(Ct) < RCO(Nt) for the two-domain proteins in CATH and
SCOP are, as expected, similar to the corresponding values of
nACO(Nt) < ACO(Ct)/nACO(Ct) < ACO(Nt), but the dependence of the
bias on domain length is greater as reflected in the respective
Fisher’s exact test p values of 0.1 and 0.077 (Table S1). In sum-
mary, therefore, two predictors of folding rate, domain length
and ACO, indicate independently of each other that N-terminal
domains in two-domain proteins tend to fold faster than their
neighboring C-terminal domains.
Bias for Faster-Folding N-Terminal Domains Is Greater
in Prokaryotes Than in Eukaryotes
The tendency for N-terminal domains to be predicted as faster
folders than their C-terminal neighboring domains is found to
be greater in prokaryotes than in eukaryotes (Figures 2C, 2D,
and S1). In 28 families in CATH that comprise prokaryotic pro-
teins, the ACO values of the N-terminal domains are smaller
than those of their respective C-terminal neighboring domains,
whereas only in 13 families the opposite is found (binomial
two-sided test p value of 0.03). In eukaryotic families, the ACO
values of the N-terminal domains are smaller than those of the
neighboring C-terminal domains in 32 families in CATH, whereas
in 24 families, the opposite is seen, and although the trend is
therefore maintained, it is not significant statistically (binomial
two-sided test p value of 0.35). This difference between prokary-
otes and eukaryotes is also seen in the two-domain proteins in
SCOP (Figure S1). The bias for N-terminal domains in two-
domain proteins to be shorter than their C-terminal counterparts
was also found to be stronger in prokaryotic proteins (Table 1).ell Reports 3, 1051–1056, April 25, 2013 ª2013 The Authors 1053
Figure 3. Comparison between the Mean Abundances of Two-
Domain Proteins of Similar Overall Chain Length with Either a
Shorter N-Terminal Domain or with a Shorter C-Terminal Domain
The two-domain proteins were binned according to their overall length (bin
width is set here to 25 amino acids) (see Figure S2), and the average abun-
dances of all the proteins with either a shorter N-terminal domain (purple) or
with a shorter C-terminal domain (turquoise) in each bin were calculated
separately. The analysis was carried out using abundance data downloaded
from http://pax-db.org for 1,699 two-domain proteins (with length between 50
and 200 amino acids and a linker shorter than 30 amino acids) in the Pfam
database from 12 different organisms. The mean abundances of all the two-
domain proteins with a shorter N-terminal domain or with a shorter C-terminal
domain are 590.53 and 229.75 ppm, respectively. The difference between the
binned data for the two groups was found to be significant (p value = 0.01)
using the Wilcoxon rank sum paired test (two sided). For additional data and
analyses, see Figures S3 and S4.Taken together, therefore, the data indicate that selection
for N-terminal domains to fold faster than their C-terminal
neighboring domains is much stronger in prokaryotes than in
eukaryotes.
Two-Domain Proteins with an N-Terminal Domain that Is
Shorter Than Its Neighboring C-Terminal Domain Are
More Abundant
Given that proteins with a propensity to misfold tend to be less
abundant (Drummond and Wilke, 2008; Tartaglia and Vendrus-
colo, 2009), we reasoned that two-domain proteins with a
shorter N-terminal domain should be more abundant than those
with a shorter C-terminal domain if this bias reflects selection
against misfolding. Surprisingly, the overall lengths of two-
domain proteins with a shorter N-terminal domain tend to be
less than those of two-domain proteins with a shorter C-terminal
domain (Figure S2). We decided, therefore, to compare the
abundances of two-domain proteins with different domain
lengths but with a similar overall chain length. Strikingly, we
find that two-domain proteins with an N-terminal domain that
is shorter than the C-terminal domain are more abundant than
two-domain proteins with similar overall chain length but with
shorter C-terminal domains (Figure 3). This tendency is also
seen for each of the individual species in the data set (see Exper-
imental Procedures), when the data for the different species,
which include both prokaryotic and eukaryotic model organisms
such as E. coli, S. cerevisiae, and H. sapiens, are analyzed sepa-
rately (data not shown). Furthermore, when the analysis is
restricted to two-domain proteins with a linker that is ten or
less amino acids long (Figure S3), this trend becomes more pro-1054 Cell Reports 3, 1051–1056, April 25, 2013 ª2013 The Authorsnounced as might be expected because a short linker length
can increase the probability of misfolding or aggregation (e.g.,
Arndt et al., 1998). Finally, we also found that three-domain pro-
teins inwhich theN-terminal domain is appreciably shorter (more
than ten amino acids) than the middle domain that, in turn, is
appreciably shorter than the C-terminal domain are more abun-
dant compared to triple-domain proteins with the other five
possible rank orders of domain sizes (data not shown). We do
not find, however, that triple domains with any particular rank
order of domain sizes are more common, but the analysis of
proteins with more than two domains is restricted by less avail-
able data on the one hand and more potential rank orders on
the other hand.
The risk of protein misfolding as a result of formation of nonna-
tive interdomain interactions is likely to increase as folding times
approach translation times, which can be the case for proteins
longer than 150 amino acids (Naganathan and Mun˜oz, 2005).
Hence, the benefit reflected in protein abundance that is associ-
ated with having a shorter N-terminal domain is expected to
increase with protein size. We, therefore, compared the mean
abundances of two-domain proteins with shorter N- or C-termi-
nal domains (Figure 3) but with a similar overall chain length that
is either less than 151 residues, between 151 and 300 residues,
or between 301 and 450 residues. In the case of two-domain
proteins shorter than 150 residues, the mean abundance of
two-domain proteins with a shorter N-terminal domain is only
marginally higher than that of those with a shorter C-terminal
domain (Figure S4). However, in the case of two-domain proteins
that are longer than 150 residues, the mean abundance of those
with a shorter N-terminal domain is significantly higher than that
of those with a shorter C-terminal domain (Figure S4). These
findings, therefore, suggest that selection for shorter N-terminal
domains increases when the folding and translation times are in
the same range.
Conclusions
Our study shows a significant tendency for the N-terminal
domains of two-domain proteins to be shorter than their neigh-
boring C-terminal domains (Figure 1; Table 1). We have also
found that the ACO values of N-terminal domains tend to be
smaller than those of their neighboring C-terminal domains (Fig-
ure 2). Given that both chain length and ACO are inversely corre-
lated with folding rate, our results suggest that there is a bias for
two-domain proteins in which the N-terminal domain folds faster
than its C-terminal counterpart. In such two-domain proteins,
folding of the N-terminal domain is predicted by the exponential
dependence of folding rate on chain length and ACO (Plaxco
et al., 1998; Ivankov et al., 2003) to be 10–14 times faster, on
average, than that of the C-terminal domain. Such a bias in
folding rates may reflect selection against misfolding because
domain-by-domain folding can minimize formation of nonnative
interdomain interactions. In addition, folding of an N-terminal
domain can catalyze the folding of its neighboring C-terminal
domain, as shown for spectrin domains (Batey and Clarke,
2008), thereby reducing the risk for aggregation. Support for
the suggestion that the bias reflects selection against misfolding
is provided by the observation that two-domain proteins with a
faster-folding N-terminal domain are more abundant than those
with a faster-folding C-terminal domain (Figure 3) because pro-
teins with a tendency to misfold are, in general, less abundant
(Drummond and Wilke, 2008; Tartaglia and Vendruscolo, 2009).
There is increasing evidence that folding of multidomain pro-
teins takes place cotranslationally in both eukaryotes (Netzer
and Hartl, 1997) and prokaryotes (Nicola et al., 1999; Cabrita
et al., 2010). Cotranslational folding is potentially more efficient
than posttranslational folding because it can facilitate domain-
by-domain folding, thereby minimizing misfolding owing to
formation of nonnative interdomain interactions. It has been sug-
gested that translational pausing owing to the presence of rare
codons might allow one domain to fold before synthesis of the
other is completed (Komar, 2009). The data presented here,
based on a survey of a large number of domain families, indicate
that increased efficiency of multidomain protein folding is often
achieved by another mechanism, i.e., selection for faster folding
of N-terminal domains relative to their C-terminal neighboring
domains via fine-tuning of their respective structural properties.
The observation that this bias is greater in prokaryotes than in
eukaryotes (Figures 2C, 2D, and S1) is intriguing and may reflect
compensation for the absence in prokaryotes of an extensive
chaperone network that interacts with nascent chains (Albane`se
et al., 2006). The bias is also expected to be greater when the
timescales of translation and folding are closer and may, there-
fore, be more pronounced in prokaryotes because their transla-
tion rates are 5- to 10-fold faster than those of eukaryotes (Liang
et al., 2000; Mathews et al., 2000). This expectation is also
consistent with our observation that the tendency for proteins
with shorter N-terminal domains to bemore abundant than those
with shorter C-terminal domains is more pronounced for longer
proteins.
EXPERIMENTAL PROCEDURES
Construction of Two-Domain Protein Data sets
Pfam (Finn et al., 2010) domain sequence assignments (release 26.0) for
Swiss-Prot were downloaded from ftp://ftp.sanger.ac.uk/pub/databases/
Pfam. Only protein sequences that were assigned two consecutive Pfam
domains (each formed by a continuous sequence of 50–200 amino acids
and connected by a linker that is shorter than 30 amino acids) with no
additional nested or overlapping domain assignments were included in the
database. This data set comprises 32,567 proteins from 3,995 different organ-
isms. Evidence for existence at the protein level was taken from Swiss-Prot
annotations (UniProt Consortium, 2012) in the UniProtKB/Swiss-Prot data-
base downloaded on May 31, 2012, from the UniProt website (http://www.
uniprot.org) and is available for 2,964 of these proteins. A nonredundant set
(using a redundancy cutoff of 50%) of 6,739 two-domain proteins was created
by intersecting our data set of 32,567 proteins with that of the UniRef50 data-
base (Suzek et al., 2007) that was downloaded also from the UniProt website
(http://www.uniprot.org) on May 31, 2012.
Contact Order Analysis
Two databases of structural classification of proteins were used in the
analysis: (1) version 1.75A of SCOP (Murzin et al., 1995) that was downloaded
from http://scop.berkeley.edu/astral; and (2) version 3.4 of CATH (Orengo
et al., 1997) that was downloaded from http://release.cathdb.info. Only pro-
teins that contain two domains belonging to the same family (the lowest level
in the structural hierarchy as defined by CATH and SCOP) were included in the
analysis. In addition, we considered only proteins in which the length of each
domain is between 50 and 300 residues and where the combined lengths of
the two domains are >80% of the length of the PDB entry and that the length
of the linker is less than 30 amino acids. In cases where different two-domainCproteins contain the same domain, we required in order to avoid redundancy
that the nonshared domains differ in sequence by at least 5% (using other cut-
offs did not alter the results). This process yielded 454 entries for 174 domain
families in SCOP and 1,247 entries (808 of which belong to the immunoglobu-
lins) for 92 domain families in CATH. Data for families with more than one
member were included in the analysis using their average so that large families
(e.g., the immunoglobulins) would not be overrepresented.
ACO was calculated as described by Plaxco et al. (1998) and Galzitskaya
et al. (2003) using the script written by Erik Alm that was downloaded from
the website http://depts.washington.edu/bakerpg/contact_order. ACO is the
average sequence separation between contacting residues in the native struc-
ture and is given by
ACO=
1
N
X
N
DSi; j ;
where N is the number of contacts in the native structure, and DSi;j is the
number of amino acids between residues i and j that are in contact. The
RCO is equal to ACO/L, where L is the length of the protein.
Protein Abundance Analysis
Protein abundance analysis was carried out using data downloaded from
http://pax-db.org (Wang et al., 2012), release 2.1, for 1,699 two-domain pro-
teins in the Pfam database from 12 different organisms. The abundance
data are expressed as parts per million (ppm), i.e., the abundance of each pro-
tein is quantified relative to those of all other protein molecules in the sample.
Data for samples from different sources can, therefore, be compared.
Implementation
All text processing was done in Perl, and the statistical analysis was carried out
using R. Density functions were calculated using aGaussian smoothing kernel.
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